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PREFACE

The study reported herein was performed by the Geotechnical Laboratory
(GL), U. S. Army Engineer Waterways Experiment Station (WES), duriﬁg the
period April to August 1983 under the In-House Laboratory Independent Research
(ILIR) Program as Project 4A161101A91D, Task Area 02, Work Unit 149, sponsored
by the Assistant Secretary of the Army (R&D).

The study was conducted under the general direction of Dr. W. F.
Marcuson IiI, Chief, GL, and under the direct supervision>of Dr. T. D. White,
Chief, Pavement Syltens4Division (PSD), GL. Engineers and technicians of the
PSD actively engaged in planning, testing, analyzing, and reporting phases of
this study were Dr. W. R. Barker and Mr. H. G. Brown. This report was pre~
pared by Mr. Brown and Dr. Barker. ’ -

Commander and Director of the WES during'the course of this study and
preparation and publicntion of this report was COL Tilford C. Creel, CE. The

chhnical Dircctor was Mr. Fred R. Brown.
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CONVERSION FACTORS, U. S. CUSTOMARY TO METRIC (SI)

UNITS OF MEASUREMENT

U. S. customary units of measurement used in this report can be conietted to

metric (S1) units as follows:

Multiply , By

feet , 0.3048
inches - 2,54
pounds (mass) : 0.4535924
tons (2,000 pounds, mass) ° : 907.1847

|

|

3

To Obtain

metres
centimetres
kilograms
kilograms
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SOIL DESTABILIZATION FOR VEHICLE BARRIERS

PART I: INTRODUCTION

Background

1. Swampy nr;da and/or areas of soft soils have long been recognized as
barriers to the movement of nearly all types of vehicles. In warfare such '
areas can be a major advantage in Ehe deVelopment of defensive positions; this
being_particularly true if the opposing forces are unaware of untraversable
areas. Untortunately, for most defensive positions naturally occurring swampy
areas and/or areas of soft soils are not available or are not located in
positions to provide necessary barriers for hest defense.

2. Barriers, consisting of ffncing. walls, ditches, minefields, etc.,
are usually constructed to help pro?ide for the defense of fixed positions.
These types of barriers have several disadvantages among which are visibility,
cost, construction time, and vulnergbility. 1f Artificial barriers of soft
soil could be created, these barriers could be located to supplement other
barriers and enhance defensive posi&ions. Soft-soil barriers could have the
advantage of being hidden and havinh an increased effectiveness against
hcnv;er vehicles. ;

Burpose

3. The purpose of this 1nvea£1§ation was to study the possible applica-

tion 6! a witcr-rctuining material in the construction of soft-soil vehicle

barriers.

Scoge

4, The investigation included a laboratory study tc determine (a) how
well a particular water-retaining materizl mixed with water; (b) the propor-
tions needed to obtain a firm, gelatin-like material, and (c) thc.posaibility
of using an extender such #s sand or clay. A field study was also included to

determine how the material would behave in an open euviromment.
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PART II: LABORATORY TESTS

Material Description

3. The water-retaining uaterial investigated is a product produced by
Finn Corporation, Cincinnati, Ohio, having the trade name Hydro~Gel. Hydro-
Gel is a yellowish white power advertised as being chable of absorbing and h
maintaining up to 1000 times its weight in vater. The product is sold pri-
marily as a plant watering aid for agricultural applications.

6. The objective bf the laboratory testing was to determine the best
procedure for mixing the Hydro-Gel with water and the proportions needed to
obtain proper gel consistency. The laboratory test was conducted by mixing
Hydro-Gel and water in different proportions in a jar with a capacity of
approximately 1600 ml.* The proportions used were 15, 30, aand 100 ml of
Hydro-Gel to approximately 1500 ml of water., These proportions correspond to
mixtures of 0.3, 1.0, and 3.3 percent ﬁydru-cel by weight. '

7. In three mixtures sand was used as a filler. For these mixtures 50,
100, and 200 ml of sand were added to the water and ﬁydro—cel. The applica-
tion of sand appeared to serve no useful purpose, and no further reporting of

these tests will be made.

Mixing Procedure

€. Three techniques of mixing the Hydro~Gel and water were tried. In
the first procedure, the measured amount of Hydfo-cel was placed in the jar
and a sufficient amount of water was poured on the Hydro-Gel to yield 1500 ml
of mixture. In this procedure, the Hydro-Gel firmed and formed lﬁnps in the
bottom of the jar resulting in an inconsistent mixture from the top to the
bottom. The top of the mixture was watery and the bottom was very firm with
lumps of dry Hydro-Gel in the bottom of the jar. The reaction between the
water and the Hydro-Gel was very rapid with the Hydro-ccl'alnost completely
absorbing the water in less than i min. In the second mixing procedure,

* For convenience, volume measurements were made using the metric (SI) unit
millilitres, while all other measurements were made using U. S. customary
units. If conversion from millilitres is desired, multiply the uumber of
millilitres by 0.0338176 to obtain ounces (U. S. fluid).
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approximately 1500 ml of water was placed in the jar, and a measured amount of
Hydro-Gel was poured into the water. During the pouring of the Hydro-Gel, the
mixture was stirred continuously. This procedure was an improvement over the
first procedure but still was not entirely satisfactory. For mivture having
higher proportions of Hydro-Gel, the surface firmed before the mixing could be
completed. The mixture would then be left with excess Hydro-Gel at the sur-
face. The final proccdure, the procedure deemed satisfactory, was where the
vater and Hydro-Gel were poured in the jar simultaneously. The pouring re-
quired less than 1 min and resulted in a uniform mixture from top to bottom.
The abscrption of water was completed in 1 to 2 min after the pouring was

completed.

Mixture Consisgtency

9. Of the three mixtures, the one having 1.0 percent Hydro-Gel by
weight appeared to have the cﬁnsistency of & stiff gelatin‘and was the most
uniform mixture. The mixture with 0.3 percent Hydro-Gel had a watery consis-
tency with separation between water and gel occurring with time. The mixture
with 3.3 percent Hydrc-Gel contained dry powder in lumps and thus appeared to
have an excess of Hydro-Gel. After several weeks both the 1.0 percent mixture
and the 3.3 percent mixture maintained the original consistency. Using the

results of the jar mixtures, the 1.0 percent mixture was chosen as the mixture

to use in the field study.
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PART III: SMALL TEST PITS

10. The field investigation was conducted in two phasés. The first
phase consisted of the construction of € test pits, and the second phase was
testing of the vehicle barrier that will be discussed later in this report.
Each pit was 2-ft* by 2-ft deep excavated in a loess (CL)** type soil. The
purpose of the study was to evaluate the behavior of the Hydro-Gel in an open
environment and to develop a method for construction of a vehicle barrier.

11. Pits 1, 2, and 3 were unlined, while pits 4, 5, and 6 were liﬁed
with a polyethylene membrane. The membrane lincr was used to prevent the
water from escaping thfohgh the sides of the pits. Pits 1 and 4 were filled
to the top with gel. Pits 2 and 5 contained 18 in. of gel covered with 6 in,
of soil (CL). Pits 3 and 6 contained 12 in. of gel covered with 12 in. of
soil. The soil covering provided support capacity to the gel and to camou-
flage a true barrier. The cross sections of the pits are shown in Figure 1.

12, The Hydro-Gel and water were placed in the pits using the procedure
developed in the laboratory testing. Photo 1 illustrates the placing of the
Hydro-Gel in a lined pit. Using this procedure, the Hydro-Gel was easily
placed in the pit, and the soil was carefully placed and lightly compacted in
pits 2, 3, 5, and 6., For pits 2 and 5 (pits having # soil co&étiﬁg of 6 in.),
the soil, after compaction, was firm but would not support a person. Pits 3
and 6 (with the soil covering of 12 in.) were capable of supporting a person.
Cone penetrometer measurements were taken in each pit and results are shown in
Table 1. The gel did not have sufficient strength to register on the pene-
trometer (pits 1 and 4). The higher cone index measurements for pits 3 and 6
reflect the higher strength of the soil covering. ‘ '

13. The surface areas of the pits were monitored for a period of time
to determine the loss of water, The drop in the surface elevation of the pits
with time is given in Table 2. W

14. The data in Table 2 clearly indicate that the d\ops in the surfaces
of the pits were much greater for the unlined pits than for the lined pits.
This fact is 1llustrated in Figures 2, 3, and 4 which compare the surface

®* A table of factors for converting U. S. customary units’of measurement to
metric (SI) units is presented on page 3. '
** Classified by the Unified Soil Classification system.
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drops between pits 1 and 4, pits 2 and 5, and pits.B and 6, respectively.

From these data, it is obvious that a considerable amount of water from the
unlined pits was lost into the surrounding »#o2il. This indicates that in order
for the Hydro-Gel to maintain the water for an extended time in an actual
véhicle barrier, the pits would require an impermeable liner. Also, for the
surface of the barrier to have sufficient étrength to support human travel a

soil covering of at least 12 in. is required.
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PART IV: VEHICLE BARRIERS
Construction

15. The cross section of the vehiclc barrier as constructed is shown 1in
Figure 5. The pit was dug to the dimensioné shown (Figure 5) using a dozer
and backhoe. The ends were sloped to allow the entry of a vehicle without
causing damage to the vehicle or endangering operating personnel. The pit was
then lined with a polyethylene liner (Photo 2). The Hydro-Gel and water were
then poured into the pit simultaneously as shown in Photo 3. The gel was
placed in epproximately about 5 min with solidification occurrins almost
simultaneously with the placement. The pit, after placement of the gel, is
shown in Fhoto 4. Immediately after placement of the gel, covering the gel
with soil (CL) was started. First, a layer of soil about 3 in. thick was
carefully placed by hand (Photos 5 and 6). This type of placement was
necessary to prevent displacement of the gel by the soil. With an initial
layer of soil ¢omple%ely covering the gel, a fronthnd loader was t'ien used to
complete placement of the =oil over the gel. The completed vehicle barrier is
shown in Photo 7. The surface of the soil had sufficient strength to supporr
human traffic, as exhibited in Photo 8 by the footprints.

16. After several days, the surfece of the soil covering began to
appear moist. The area of mcist soil continued to increase until the entire
area of the pit looked wet (Photo 9), even though the weather was hot and dry.

17. From viewing the appearance of the surface, it was obvious that the
- water was being wicked from the gel and lost by evaporation, During the two
weeksngcwécgwggpqtryction and testing of the barrier, the surface of tl.» soil
covering the surface of the gel had dropped about 6 in. S -

18. Prior to testing, cone penetrometer readings were taken st the cen-
ter of the pit (Table 2). The strength profile for the vehicle barrier was
similar to the strength prufiles for the 2- by 2- by 2-ft test pits. Even
though the soil covering had become very wet, the surface maintained suffi-

cient strength to support a person.

v

__
) .

. B

N DA

. R

| ORI

X »
.’l . :‘ .l .0 "
. l‘ .. I. .. L)




-

Testing

19. Two weeks after construction, the barrier was tested using a 5~-ton
6 x 6 military cargzo truck. The truck was driven into the barrier from one of
the ramped ends. The truck immediately displaced the soil surface and was
stopped about one-third of the way through the barrier. The position of the
truck and the condition of the barrier when forward progress of the truck was
stopped are shown in Photos 10 and 11. Although its forward progress was
stopped, the trﬁck was able to back out of the barrier without essictance.
Since the barrier was constructed with ramps to prevent damage to the vehicie.
its effectiveness was greatly diminished. If not for the ramps, it is
expected that the vehicle would have been completely immobilized.

Discusaion

20. This investigation demonstrated that soft-soil areas could be con-
structed to serve as vehicle barriers. Without considering cost, Hydro-Gel
vas found to be satisfactory for the construction of a barrier with a short
life span. The material was easily mixed with water, required only 1.0 per-
cent Hydro-Gel to form th2 gel, immediately absorbed water, and was easily
handled. One drawback of Hydro-Gel is that is does not hold water for extend-
ing periods of time. Water was lost by evaporation and wicking into the sur-
rounding soil. The loss of water was reduced by the use of impermeable liner
in the bottom and on the sides of the pits, but the loss through the surface

~was significant. It is probable that the loss could be further reduced by the

use of a liner over the surface. Another drawback in the use of Hydro-Gel is
that the gel is so weak that the soil cover must be placed with great care.
To allow for machine backfilling over the gel would require a gel having a
higher strength. Although the disadvantages of Hydro-Gel may preclude its use
in vehicle barriers, the testing of this material could be a starting point

toward the development of an effective vehicle barrier.
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PART V: CONCLUSIONS AND RECOMMENDATIONS

Conclusions

21. The laboratory and field tests conducted in this investigation are

the basis for the following conclusions:

Soft-soil areas can be readily constructed as an effective
vehicle barrier with a short life.

The long-term maintenance of soft-soil barriers will be
difficult and would probably require ccnstruction using
wmembranes as liners to prevent loss of water.

The use of Hydro-Gel has disadvantages that may preclude its
use in vehicular barriers.

The development of an effective soft-soil vehicle barrier is
possible, but would require additional research on
vater-retaining agents and field construction.

Recommendations

22. To meet the need for vehicle barriers, it is recommended that

additfonal research be undertaken to develop soft-soil barriers. Such

research could be divided into the following areas:

I |e e 1o 1o

Study of water-retaining agents for prdvidinglaoft soils.
Developmeht of optimum barrier geometry.

Developnent'of construction and maintenance techniques.
Development of téchniques for camouflage of the barriers.
Use of barrier on sloped surfaces (slipperiness).

Evaluation against tracked vehicles.
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Cone Index Measurements
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Pouring Hydro-Gel and water into Ba:rier

Photo 3.

Hydro-Gel in place for soil covering

Photo 4.
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Photo 7. Completed barrier immediately after construction

Photo 8. Vehicle barrier 7 days after ronstruction
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Photo 9. Vehicle barrier 14 days after construction

Photo 10.

Five-ton military truck breaking through soil




Five~ton military truck after

breaking through soil

Photo 11.
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